Purpose. To review the outcome of 60 patients who underwent valgus subtrochanteric osteotomy and its repositioning for un-united and neglected femoral neck fractures. Methods. 60 patients (mean age, 35 years) underwent valgus subtrochanteric osteotomy and repositioning of the osteotomy and fixation with a dynamic hip screw and a 135° single-angled barrel plate for closed un-united femoral neck fractures after failed internal fixation (n=27) or neglected (>3 weeks) fractures (n=33). The most common fracture type was transcervical (n=48), followed by subcapital (n=6) and basal (n=6). All patients had displaced femoral neck fractures (Garden types 3 and 4). According to the Pauwel angle, 45 fractures were type 2 (30º-70º) and 15 were type 3 (>70º). Results. Patients were followed up for a mean of 3.5 (range, 2-7.5) years. The mean Pauwel angle of the fracture was corrected from 65° (range, 50°-89°) to 26° (range, 25°-28°). Bone union was achieved in Valgus osteotomy and repositioning and fixation with a dynamic hip screw and a 135º single-angled barrel plate for un-united and neglected femoral neck fractures 56 patients after a mean of 3.9 (range, 3-5.5) months. The mean Harris hip score improved from 65 to 87.5. Outcome was excellent in 30 patients, good in 24, and poor in 6. Four of the patients developed avascular necrosis; 2 of whom nonetheless achieved a good outcome. Conclusion. Valgus osteotomy and repositioning and fixation with a dynamic hip screw and a 135° singleangled barrel plate was effective treatment for ununited and neglected femoral neck fractures.
internal fixation, valgus intertrochanteric osteotomy, fibular non-vascularised grafting, vascularised bone grafting, and total hip arthroplasty. 1, [4] [5] [6] [7] The biomechanics around the femoral neck fractures are the basis for valgus intertrochanteric osteotomy for non-unions. 8 This study reviewed the outcome of 60 patients who underwent valgus subtrochanteric osteotomy and its repositioning and fixation for ununited and neglected femoral neck fractures.
Materials and Methods
Between 1999 and 2010, 60 patients (mean age, 35 years) underwent valgus subtrochanteric osteotomy and repositioning of the osteotomy and fixation with a dynamic hip screw and a 135° single-angled barrel plate for closed un-united femoral neck fractures after failed internal fixation (n=27) or neglected (>3 weeks) fractures (n=33). One patient with failed internal fixation developed a deep-seated infection and was operated on in 2 stages. Patients aged >60 years or those aged 50 to 60 years with major medical problems, avascular necrosis of the femoral head, or pathological fractures were excluded.
The most common fracture type was transcervical (n=48), followed by subcapital (n=6) and basal (n=6). All patients had displaced femoral neck fractures (Garden types 3 and 4). According to the Pauwel angle, 45 fractures were type 2 (30º-70º) and 15 were type 3 (>70º). The mean Pauwel angle was 65º (range, 50º-89º).
Preoperatively, the wedge or osteotomy angle (c°) was determined as the Pauwel angle (a°) minus the postoperative desired angle (25°-30°), whereas the pin insertion angle was determined as the implant angle (b°) minus the osteotomy angle (c°) [ Fig. 1 ].
Patients were placed in a supine position and underwent reduction under fluoroscopic guidance. A modified Y-shaped intertrochantric osteotomy was made at the subtrochanteric level, and the wedge was removed. The proximal segment was repositioned by placing the oblique arm of the wedge onto the distal portion of the osteotomy to create a valgus orientation at the fracture and to achieve a Pauwel angle of 25° to 30° ( Fig. 1 ). De-rotation screws were used in 30 of the patients to enhance stability. The 135º single-angled barrel plate prevented medialisation of the proximal femoral shaft and maintained its anatomy. In the original closed wedge valgus osteotomy, 7, [9] [10] [11] [12] the osteotomy was at the intertrochanteric level and fixed with a doubleangled plate by abducting the distal segment.
Postoperatively, knee and ankle mobilisation was started on the next day, and non-weight-bearing mobilisation with crutches was started on day 3. Radiological evaluation was performed every 6 weeks until bone union. Radiological union was defined as the absence of a fracture line and appearance of trabeculae across the fracture. Clinical outcome was evaluated using the Harris Hip scores 13 ; a score of 90 to 100 was deemed excellent, 80 to 89 as good, 70 to 79 as fair, and <70 as poor.
results
Patients were followed-up for a mean of 3.5 (range, 2-7.5) years. The mean Pauwel angle of the fracture was corrected from 65° (range, 50°-89°) to 26° (range, 25°-28°). Bone union was achieved in 56 patients after a mean of 3.9 (range, 3-5.5) months ( Figs. 2 and 3 ). The mean Harris hip score improved from 65 to 87.5. Outcome was excellent in 30 patients, good in 24, and poor in 6 ( Table 1 ). The patient with deep-seated infection achieved bone union at 4.5 months and excellent outcome ( Fig. 3 ). Four patients developed avascular necrosis; 2 of whom nonetheless achieved a good outcome with Harris hip scores of 84 and 86. One patient developed a superficial wound infection.
discussion
Femoral neck fractures are associated with high rates of avascular necrosis and non-union. 14, 15 The complication rate is affected by the geometry of the fracture and any delay in treatment. 16, 17 Fractures that remain untreated after 3 to 6 weeks are defined as ununited and after >90 days as non-union. 1 Fractures untreated after 3 weeks have less chance of bone union after internal fixation alone. 18 Factors affecting bone union are essentially biomechanical. 8 Intertrochanteric abduction closed wedge valgus osteotomy converts shearing forces into compression. 8 This osteotomy has been modified by fixing it with an angled blade plate (instead of immobilisation in a hip spica). 19 When the inclination angle of the fracture line is >70°, a Y-shaped osteotomy should be used. 19 The valgus osteotomy is usually fixed with an angled blade plate, 7, [9] [10] [11] which procedure is technically more demanding and has some disadvantages. The blade plate hammer can displace the fracture and a slight change in the direction of the blade makes fixation to the shaft very difficult. 12 Perforation and splitting of the femoral head by chisel and blade are possible risks. 7, 11 Compression across the fracture cannot be achieved with an angled blade plate, but is possible with the dynamic hip screw. 12, 19 We used a 135º single-angled barrel plate rather than a 120° double-angled one. 12, 19 The latter may cause medialisation and verticalisation of the femoral shaft, straining of the medial ligament of the knee, valgus deformity, and ultimately osteoarthritis. 20 In addition, single-angled plates enable lateralisation and normal orientation of the femoral shaft, thus counteracting the medialisation and vertical orientation produced by the osteotomy. The normal orientation of the proximal femur makes total joint arthroplasty technically less difficult. Broad dynamic compression plates have also been used for the fixation of osteotomies. 21 Derotation screws can be used to enhance stability. 22 In a study of intertrochanteric abduction osteotomy for un-united femoral neck fractures, 43 (86%) of 50 patients achieved bone union after a mean of 3.6 (range, 2-8) months, with a mean Harris hip score of 91. 9 The remaining 7 (14%) patients underwent total hip replacement, 3 for persistent non-union, 3 for severe collapse of the femoral head, and one for a broken implant. 9 Neither the age of the patient nor the duration of delay affected the results. 9 Other studies also reported similar outcomes (Table  2) . 7, [9] [10] [11] [12] 19, 23 One disadvantage of repositioning valgus osteotomies is that valgisation of the proximal femur shortens the lever arm and alters the hip biomechanics, thus increasing contact pressure on the femoral head. This may increase the risk of osteoarthrosis and avascular necrosis. 8 Secondary varisation may be indicated in younger patients with symptomatic hips. 7 The risk of avascular necrosis of the femoral head is determined at the time of injury. 24 However, development of new avascular necrosis has also been reported, [9] [10] [11] although it is reasonable to assume that at the time of osteotomy these hips already had grade-1 avascular necrosis though not radiographically evident. 9 Radiographic evidence of avascular necrosis is contraindicative for valgus osteotomy, 25 but osteotomy produces satisfactory clinical outcome, even in the presence of severe avascular necrosis of the femoral head, as long as the head is not severely collapsed. 9 Revascularisation often overcomes collapse of the femoral head and should let nature take its chance. 7 Thus, it is worth trying to save the hip joint of young patients even in the presence of segmental collapse. This not only postpones the need of total hip replacement, but also creates better conditions for replacement if and when indicated in future. In our study, patients with evidence of avascular necrosis of the femoral head on radiographs were excluded. Nonetheless, it was possible that it might have developed before the osteotomy.
Valgus osteotomy at the subtrochanteric level and repositioning of the osteotomy is an effective treatment for un-united and neglected femoral neck fractures. With the 135° single-angled barrel plate and dynamic hip screw, the desirable valgus orientation could be achieved at the fracture site. Single-angled plates prevent medialisation of the proximal femoral shaft, thus maintaining the normal orientation of femoral shaft, which makes future total hip arthroplasty (if indicated) technically less difficult.
